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TRANSONIC AERODYNAMIC CHARACTERISTICS OF 

A VARIABLE-SWEEP A I R P " E  CONFIGURATION HAVING 

A 12-PERCENT-THICK WING AND AN 

INBOARD PIVOT LOCATION * 
By Ralph P. B i e l a t  and P. Kenneth Pierpont 

SUMMARY 

An invest igat ion has been made i n  the Langley 8-foot transonic 
pressure tunnel t o  determine the  aerodynamic charac te r i s t ics  of an air- 
plane configuration capable o f  low-level supersonic attack. The con- 
f igura t ion  incorporated a variable-sweep wing, and the invest igat ion 
w a s  made with the wing swept back 16O, 7 5 O ,  and 94'. 

The wind-tunnel r e s u l t s  indicated that the ze ro - l i f t  drag r i s e  of 
the  configuration with a maximum wing sweep of 94O w a s  only s l i g h t l y  
lower than t h a t  f o r  a wing sweep of 75 , but the large reduction i n  
l i f t -curve  slope would reduce the  gust accelerations.  For a wing sweep 
of 16O, t he  maximum l i f t -d rag  r a t i o  occurred near a Mach number of 0.6. 
During t r ans i t i on  from the low sweep t o  high sweep, very large changes 
i n  aerodynamic center were measured. This large var ia t ion  i n  s t a b i l i t y  
f o r  t h i s  configuration resul ted primarily from the  inboard pivot loca- 
t i o n  and the l imited amount of f ixed area forward of the pivot 

0 

INTRODUCTION 

The present invest igat ion i s  pa r t  of a more general research program 
intended t o  evaluate the aerodynamic charac te r i s t ics  of variable-sweep 
airplane configurations capable of low-level supersonic attack. 

* 
Ti t l e ,  Unclassified. 
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Two configurations of t h i s  program, i n  which some 10 configurations 
were considered, are reported i n  reference 1. These r e s u l t s  compared 

w i t h  an inboard and w i t h  an outboard wing-pivot location. 
pivot i s  conducive t o  low pivot s t ruc tu ra l  weight and low sk in- f r ic t ion  
drag; whereas, the outboard pivot provides a means f o r  l imi t ing  the  
aerodynamic-center t r a v e l  f o r  a large range of wing-sweep angles. Both 
models of reference 1 were designed i n  accordance with the transonic 
area-rule concept of reference 2 and employed axisymmetrical t rans la t ing  
spike in le t s .  

. 
the aerodynamic charac te r i s t ics  a t  transonic speeds of configurations I 

The inboard . 

I n  cooperation w i t h  the National Aeronautics and Space Administration, 
Wright A i r  Development Division, U.S. A i r  Force, has proposed a configu- 
ra t ion which combines the  advantages of the  improved angle-of-attack 
pressure recovery of a two-dimensional sweptback i n l e t  and the  low struc- 
t u r a l  weight of the  inboard pivot. This configuration was a l s o  designed 
according t o  the  transonic area-rule concept of reference 2. 
the  model, which i s  referred t o  as configuration XA, a r e  reported herein. 
Results were obtained i n  the Langley 8-foot transonic pressure tunnel a t  
Mach numbers ranging from 0.60 t o  0.96 f o r  the wings swept back 1 6 O  and 
from 0.60 t o  1.20 f o r  the wings swept 75' and the maximum sweep of 94'. 

Tests of 

SYMBOLS 

The data are referred t o  the wind axes and are based on an area of 
chord of 1 foot. 1 square foot  and a reference The pitching moments - 1  

have been referred t o  an a x i s  which i s  located a t  the  wing-pivot axis .  
(See f ig .  1. ) The coeff ic ients  and symbols used herein are defined as 
follows : 

A cross-sectional area, sq f t  

C reference chord, 1.00 f t  

cA, i in t e rna l  axial-force coeff ic ient ,  In te rna l  a x i a l  force 
qs 

CD 
Drag 
qs 

drag coeff ic ient ,  - 

('b - 'w)% base-drag coeff ic ient ,  
q s  cD, b 

drag coeff ic ient  a t  zero l i f t  'D, o I 



U AcD, o incremental drag r i s e  a t  zero l i f t ,  ( c ~ , ~ ) ~  - ( CD,~)~=~. 8o 

* l i f t  coeff ic ient ,  - L i f t  
qs 

l i f t  coef f ic ien t  f o r  ( L/D),, 

CL 

cL, (L/D),x 

c, 

2 

L/D 

M 

P 

P t  . 
q 

R 

S 

v 
W 

X 

U 

% 

l i f t -curve  slope, dC da, per deg 

pitching-moment coeff ic ient ,  

L I  

Pitching moment 
qsc 

length of fuselage from nose 'to engine exhaust, 76.83 ft, 
f u l l  scale  

l i f t - d r a g  r a t i o  

free-stream k c h  number 

pressure, lb/sq f t  

stagnation pressure, a t m  

free-stream dynamic pressure, $I?, lb/sq f t  
2 

Reynolds number based on c = 1.00 ft  

reference area,  1.00 sq  f t  

velocity,  f t / s ec  

mass r a t e  of a i r  flow, pAV, slugs/sec 

3 

mass-flow r a t i o  based on i n l e t  capture area,  A, = 13.4 sq f t ,  

f u l l  scale  

distance from nose of fuselage, f t  

angle of a t t ack  referred t o  fuselage reference l i ne ,  deg 

s t a b i l i z e r  incidence referred t o  fuselage reference l i n e ,  
pos i t ive  when t r a i l i n g  edge i s  down, deg 
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P 

A sweep angle of wing leading edge, deg 

Subscripts : 

b 

C capture 

m f r e e  stream 

UBX maximum 

mass density o f  air ,  slugs/cu f t  

base of model including s t i n g  and s t ing  clearance 

MODEL DESCRIPTION 

. 

1 

The general arrangement of configuration XA i s  shown i n  f igure  1 
and photographs of the  1/24-scale wind-tunnel model having three  d i f -  
ferent  sweep angles ( that  is, A = 16O, 75', and 94') are shown i n  
f igure 2. The configuration has a maximum f ron ta l  area of 51.7 square 
feet  when 8.2 square feet  a re  assumed t o  be captured by the  i n l e t s  
a t  M = 1.2. The airplane wetted area f o r  the maximum sweep condition 
i s  es tbmted  t o  be 2,950 square f e e t  and the  plan projected area i s  
960 square fee t .  Decreasing the wing sweep t o  A = 1 6 O  increases the  
wetted area t o  3,380 square fee t .  
a t  49.5 percent of the fuselage length and l a t e r a l l y  i s  adjacent t o  the  
outer  wall of the rectangular engine-air duct t o  permit su f f i c i en t  depth 
f o r  the necessary pivot s t ructure .  
pivot is  an  NACA 23012 a i r f o i l  perpendicular t o  the leading edge. 
horizontal- and v e r t i c a l - t a i l  sect ions a r e  3-percent-thick c i r cu la r  a r c s  
pa ra l l e l  t o  the f r ee  stream. 

. 
The inboard wing pivot is  located 

0 

The wing section outboard of the  
The 

The t o t a l  cross-sectional area d i s t r ibu t ion  developed from the  
1/24-scale model templates f o r  has been p lo t ted  i n  f igure  3 
and i s  compared with that f o r  a Sears-Haack body of revolution having 
the same overa l l  length and ef fec t ive  diameter and with the  maximum area 
a t  the midlength. 
area equivalent t o  61 percent of the maximum capture area w a s  subtracted 
t o  account f o r  the  required engine air  flow. 
r a t i o  of the  equivalent body was 10.5. 

M = 1.0 

In developing the  areas rearward from the i n l e t ,  an 

The resu l t ing  fineness 

The model, constructed of plastic-impregnated f iberg lass  on a 
steel  strongback t o  a scale  of 1/24, w a s  provided with three interchange- 
able  wing panels so that wing sweeps of 1 6 O ,  7 5 O ,  and the  maximum of 94' 
could be tested.  In  each case the juncture of the  inner and outer  panel 
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consisted of a s tep  and WES simulated on the model as shown i n  f igure 2. - 

The i n l e t s ,  which are two-dimensional external-compression types with 
var iable  second ramp and throat ,  were provided i n  the  model with an 
i n s e r t  wedge of the  appropriate i n i t i a l  angle t o  cause the throa t  t o  
choke near the required mass-flow ra t io  f o r  a Mach number of 1.2. 
f ig .  1. ) 

(See 
The measured var ia t ion of mass-flow ra t io ,  based upon the f u l l -  

scale  i n l e t  capture area of 13.4 square feet, i s  
experimental values are shown t o  be within a f e w  

previously mentioned i n  connection with the area 

APPARATUS AND PROOURES 

Tunne 1 

shown i n  f igure  4. The 
percent of - = 0.61 
d is t r ibu t ion  curve. 

W 

wm 

The investigation w a s  made i n  the Lrangley 8-foot transonic pressure 
tunnel. 
and lower walls s lo t t ed  longitudinally t o  allow continuous operation 
through the transonic speed range with negligible e f f e c t s  of choking and 
blockage. The stagnation temperature and dewpoint were maintained a t  
values t o  preclude shock condensation effects .  The tunnel w a s  operated 
a t  the  highest stagnation pressures consistent with the load limits of 
t he  model and balance. 
was about one-fourth atmosphere; fo r  A = 7 5 O ,  one-half atmosphere; and 
f o r  A = 9k0, the  stagnation pressure w a s  maintained a t  one atmosphere. 
The Reynolds number based on a character is t ic  length of 1 foot  i s  shown 
i n  f igure  5 as a function of t es t  Mach number f o r  the three  stagnation 

6 pressures maintained. t o  
1.06 X 10 t o  4.25 X 10 
f o r  t he  maximum sweep configuration. 

This f a c i l i t y  i s  rectangular i n  cross section with the  upper 

For A = 16O, therefore, t he  stagnation pressure 

The Reynolds number varied from 0 83 X 10 
6 6 6 fo r  the  lowest sweep angle and from 3.17' X 10 

Measurements 

L i f t ,  drag, and pi tching moment w e r e  determined by means of an 
e l e c t r i c a l  strain-gage balance located inside the fuselage. 
ments were taken over an angle-of-attack range f o r  Mach numbers ranging 
from 0.60 t o  0.96 f o r  the  configuration with the  wings swept back 1 6 O  
and from 0.60 t o  1.20 f o r  the  configurations with the wings swept back 
7 5 O  and 94'. 
a t  the e x i t  of one duct t o  determine the  mass-flow and in t e rna l  ax ia l -  
force coeff ic ient .  Duct flow was assumed t o  be symmetrical. The pres- 
sure i n  the balance chamber was measured and the  same pressure was 
assumed t o  a c t  over the  small base area surrounding the s t i ng  and the  
duct exits. 

The measure- 

Total-pressure and static-pressure measurements were taken 
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A l l  tests were conducted w i t h  f ixed  t r ans i t i on  on the model according 

t o  the  methods described i n  reference 3.  The t r ans i t i on  w a s  f ixed by 
applying 0.10-inch-wide s t r i p s  of No. 80 carborundum grains  around the 
fuselage 3 inches back from the nose, a t  the  leading edge of the  i n l e t s ,  
a t  the 10-percent-chord locat ion (perpendicular t o  the leading edge) of 
both surfaces of the  wings f o r  the wings swept back 1 6 O  and 75' only, 
and a t  the 10-percent-chord locat ion (streamwise) on a l l  surfaces of the 
horizontal  and v e r t i c a l  tai ls .  

Corrections and Accuracy 

No corrections t o  the free-stream Mach number and dynamic pressure 
f o r  the  e f f ec t s  of model and wake blockage are necessary f o r  t e s t s  i n  
the s lo t t ed  tes t  sect ion of the Langley 8-foot transonic pressure tunnel. 
(See ref.  4. ) 
of 1.00 where the data a r e  a f fec ted  by re f lec ted  compressions and expan- 
sions from the tes t -sect ion boundary. 
of reference 5 ,  it i s  believed that f o r  Mach numbers up t o  approximately 
1.03 the e f f e c t s  of these disturbances on the measurements made i n  the  
present invest igat ion would be negligible.  No t e s t  data, however, a r e  
presented i n  the  range ( M  > 1.03 and 
boundary disturbances impinged upon the model. 

There i s  a range of Mach numbers above a Mach number 

From considerations of the r e s u l t s  

M < 1.15) where the  re f lec ted  

The drag coef f ic ien t  CD w a s  corrected by adjust ing the s t a t i c  
pressure a t  the base and balance chamber of the model t o  the free-stream 
value. 
a t t ack  are given i n  f igure  6(a). The drag coef f ic ien t  a l s o  includes the 
correction f o r  the  in t e rna l  axial-force coef f ic ien t  CAYi due t o  the 
flow through the ducts. The var ia t ion  of the  i n t e r n a l  axial-force coef- 
f i c i e n t  with angle of a t t ack  i s  shown i n  f igure  6(b). 
coeff ic ient  is  the t o t a l  value f o r  both nacelles.  

Typical p lo t s  of the base-drag coef f ic ien t  against  angle of 

This axial-force 

No s t ing  interference corrections have been made t o  the data except 
t o  the extent of the  p a r t i a l  correct ion f o r  s t i n g  interference inherent 
i n  the base-pressure correction. 

The angle of a t t ack  has been corrected f o r  flow angular i ty  and f o r  
The angle of a t t ack  i s  the deflection of the  s t i ng  support under load. 

estimated t o  be accurate t o  within +0.lo. 

The estimated accuracy of the data based pr imari ly  on t h e  s t a t i c  
cal ibrat ions and the r epea tab i l i t y  of t h e  data i s  as follows: 

L 
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C L . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.002 
C D .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40.0004 
c,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.002 
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.003 

RESULTS AND DISCUSSION 

Presentation of Results 

The r e s u l t s  of t h i s  investigation a r e  presented i n  the  following 
figures : 

Figure 

Aerodynamic charac te r i s t ics  of model with wing swept 16' . 
Aerodynamic charac te r i s t ics  of model with wing swept 75' . 
Aerodynamic charac te r i s t ics  of model with wing a t  . . . . . . . . . . . . . . . .  
Comparison of t he  ze ro - l i f t  drag f o r  the configurations 

S, = 0' . . . . . . . . .  
Variation with Mach number of incremental drag coef f ic ien t  

maximum sweep (A = 94') 

with three wing-sweep angles. 

based on f r o n t a l  area of 51.7 sq f t ,  f u l l  scale,  
s , = o o  . . . . . . . . . . . . . . . . . . . . . . . .  

Variation of the  l i f t -d rag  r a t i o  w i t h  l i f t  coef f ic ien t  a t  

A = 1 6 O  . . . . . . . . . . . . . . . . . . . . . . .  
Variation with Mach number of the maximum l i f t - d r a g  r a t i o  . . . . . . . . . . .  
Comparison of the  l i f t -curve  slopes of the  configurations 

CL = 0; % = 0' . . . . . .  

various Mach numbers: 

A . 7 5 '  . . . . . . . . . . . . . . . . . . . . . . .  
and l i f t  coeff ic ient  f o r  (L/D)mx 

with the  three wing sweeps. 

. . . .  . . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  
Variation with Mach number of the aerodynamic-center loca- 

t i o n  of the configuration with the  three wing sweeps. 
CL = 0; % = oo . . . . . . . . . . . . . . . . . . . . . . . .  

Drag Characterist ics 

7 
8 

9 

10 

11 

14  

15 

"he e f f ec t s  of wing sweep on the ze ro - l i f t  drag charac te r i s t ics  
are summarized i n  f igure  10. 
increased the  drag-rise Mach number from 0.80 t o  approximately 0.98. 
Although s izable  reductions i n  zero- l i f t  drag occurred a t  transonic speeds 
with increases i n  wing sweep from 16' t o  75' ( f ig .  lo), the  ze ro - l i f t  

An increase i n  wing sweep from 16' t o  94' 
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drag-rise charac te r i s t ics  of the configuration with the  maximum wing 
sweep of 94' w a s  only s l i g h t l y  lower than the configuration with 
(See fig. 11. ) 

A = 75'. 

The untrimmed l i f t -d rag  r a t i o  charac te r i s t ics  f o r  the configura- 
t i ons  with wing-sweep angles of 16' and 75' a r e  shown i n  f igure  12 and 
the variation of untrimmed (L/D),, and l i f t  coef f ic ien t  f o r  (L/D),, 
with Mach number f o r  the same configurations i s  given i n  f igure  13. 
Large reductions i n  the values of a t  k c h  mmbers above 0.60 

occurred f o r  the configuration with the wing swept 16O. For t h i s  wing 
sweep and at M = 0.60, addi t ional  data were obtained t o  determine the  
cause of the large discont inui t ies  i n  the basic aerodynamic character- 
i s t i c s  shown by the data of f igure 7, since the d iscont inui t ies  occurred 
a t  l i f t  coeff ic ients  which may have a f fec ted  (L/D),,. F i r s t ,  the  large 
s tep  a t  the juncture of t he  inner and outer  wing panel, shown i n  f igure  2, 
was faired smooth. Insignif icant  changes i n  overa l l  charac te r i s t ics  are 
indicated i n  f igure  7 t o  have resul ted from t h i s  modification; however, 
the  zero- l i f t  drag decreased about 0.0010. Then, with the s tep  fa i red ,  
the Reynolds number was increased from about 0.8 X 10 t o  3.2 X lo6 by 
increasing the stagnation pressure from 0.25 t o  1.0 atmosphere. 
Reynolds number increase resul ted i n  the  elimination of the  d iscont inui t ies  
and an increase i n  
and 13. 
the wing outer  panel because of low Reynolds number, similar improvement 
but of decreased magnitude could be expected i n  
shown a t  M = 0.80. 
accompanied by a large decrease i n  (L/D),, a t  M = 0.60; however, 

f o r  Mach numbers above 0.80, the maximum l i f t - d r a g  r a t i o  charac te r i s t ics  
were superior t o  t h a t  f o r  the configuration with 

(L/D)ma 

6 
This 

(L/D)max from 10.5 t o  13.1 shown i n  f igures  12 
Since the phenomenon i s  believed t o  be a laminar separation on 

(L/D)mx f o r  the data 
Increasing the wing sweep from 16O t o  75' w a s  

A = 1.6'. 

Longitudinal S t a b i l i t y  Character is t ics  

The e f f ec t s  of wing sweep and Mach number on the l i f t -curve  slope 
charac te r i s t ics  measured near zero l i f t  a r e  shown i n  f igure  14. A large 
"bucket" i n  the l i f t -curve  slope charac te r i s t ics  above the force-break 
Mach number i s  indicated f o r  the wing swept back 16O which i s  typ ica l  of 
wings of large aspect r a t i o  and thickness ra t io .  Increasing the  wing- 
sweep ang le  from 16' t o  94' produced la rge  reductions i n  the l i f t -curve 
slope and decreased the var ia t ion  with Mach number. The low values 
of CL 

acceleration standpoint f o r  high-speed, low-level flight. 

f o r  t he  wing swept back 94' would be benef ic ia l  from a gust- 
U 

There was no longi tudinal  i n s t a b i l i t y  indicated over the lift- 
coefficient range t e s t ed  f o r  the three configurations with the horizontal  

L 
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ta i l  on. (See f igs .  7(c) ,  8 ( c ) ,  and 9(c).  ) The small posi t ive v d u e s  
of Cm a t  CL = 0 f o r  the configurations with sweep angles o f  16O and 
75' would re l ieve  the  trimming requirements; whereas, the trimming 
requirements are increased by the small negative values of C, a t  
CL = o f o r  the configuration with A = 94' and 6h = 0'. (See 

f ig .  S ( C 1 . 1  

The aerodynamic-center location x/2 f o r  the  three wing sweeps 
t e s t ed  i s  shown i n  f igure  15. The wing-pivot ax i s  i s  a l so  shown f o r  
reference. It w i l l  be noted that, f o r  a given sweep angle, the varia- 
t i on  of the aerodynamic-center location with Mach number w a s  small. 
However, the var ia t ion  of the aerodynamic center with wing sweep i s  very 
large (approximately 9.2 feet, f u l l  scale);  therefore,  large t r i m  changes 
and correspondingly large t r i m  drags, would occur during wing t rans i t ion .  
In  addi t ion large t r i m  drags would be expected during supersonic cruise  
where r e l a t ive ly  large sweep angles would be used. 

The large s t a b i l i t y  var ia t ions with wing sweep are primarily due 
t o  the  f a c t  that: 
panel t o  be rotated t o  provide the span desired and (2)  the forward 
location of the  pivot l imited the size of the  f ixed area of wing ahead 
of t he  pivot. A discussion and bibliography r e l a t ive  t o  methods of 
avoiding these s t a b i l i t y  var ia t ions can be found i n  part I1 of 
reference 6. 

(1) the inboard pivot location required a large wing 

CONCLUDING REMARKS 

An invest igat ion has been made in  the Langley 8-foot transonic 
pressure tunnel t o  determine the aerodynamic charac te r i s t ics  of an 
airplane configuration capable of  low-level supersonic attack. The 
configuration incorporated a variable-sweep wing, having a 12-percent- 
th ick  wing and a pivot location within the  fuselage. 
of 16', 7 5 O ,  and 94' were investigated. 

Wing sweep angles 

The wind-tunnel r e su l t s  have indicated that, although s izable  
reductions i n  ze ro - l i f t  drag occurred a t  transonic speeds with increases 
i n  wing sweep from 16' t o  7 5 O ,  the  zero- l i f t  drag-rise charac te r i s t ics  
of t h e  configuration with the maximum wing sweep of 94' w a s  only s l i g h t l y  
lower than that f o r  the  configuration with the  wing swept 75'. 
f a i r l y  large reductions i n  gust-induced accelerat ions would be expected 
f o r  t h e  maximum sweep angle due t o  the low l i f t -curve slope. For the  
configuration with 16O wing sweep, large reductions i n  the values of 
maximum l i f t -d rag  r a t i o  a t  Mach numbers above 0.60 were indicated and 
are due primarily t o  the  th ick  wing. 
center  with wing sweep i s  very large (approximately 9.2 f ee t ,  f u l l  

However, 

The var ia t ion of the  aerodynamic 
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scale) ;  therefore, large t r i m  changes during t r ans i t i on  and large super- 
sonic t r i m  drag penal t ies  would be encountered. 
s t a b i l i t y  f o r  t h i s  par t icu lar  configuration i s  due primarily t o  the  f a c t  
t h a t  the inboard pivot locat ion required a large wing panel t o  be 
rotated and the  forward pivot location l imited the amount of f ixed 
area. 

The large var ia t ion  i n  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va. ,  September 13, 1960. 
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Figure 4.-  Variation of mass-flow r a t i o  with angle of a t tack,  based on 
capture area.  A, = 13.4 square feet, full scale. 
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l -  
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Angle of attack, a, deg 

(a) Base drag. 

Figure 6.- Variation of base-drag and in te rna l  axial-force coef f i -  
c i en t s  with angle of a t tack.  
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Angle of attack, a, deg 

(b) In te rna l  a x i a l  force.  

Figure 6. - Concluded. 



, 

r-i 

c 

23 

$ 
cd 

+4 
0 
a, 

0 
v) 
rl 

bo c 
.rl s 

rl 
a, 

k 
0 

i 

L- 

Fr 



24 **: : . *.: .*: 0 .  ... . 
0 .  0 .  

0 .  0 .  . . 0 .  . 0 .  0 "  . .... * * *  .** . * *  0 .  ... . . . 0 .  0 .  . . 0..  0 .  0.. 0 .  

. 



42 

.* . 0 .  . . 
0 .  0 .  

... . 

. . e .  . 

. . e  . 
0 .  0.. .e .e. . .e .* . *.* .* 

25 

E u 

Lift coefficient, CL 

( c )  Pitching-moment coef f ic ien t .  

Figure 7.- Concluded. 
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(b) Drag coefficient. 

F i g u r e  8.- Continued. 
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Figure 8.- Concluded. . 
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Lift coefficient, C, 

(b )  Drag coe f f i c i en t .  

Figure 9.- Continued. 
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Figure 13.- Variation with Mach number of the  maximum l i f t - d r a g  r a t i o  
and l i f t  coef f ic ien t  fo r  (L/D)max. 
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